The main objective of the this study was to investigate different sensitivities of some heavy metals to the freshwater fish Rutilus rutilus to use it in the toxicity test programs. Fish were exposed to the wide range of mercuric chloride (HgCl 2 ), plumb chloride and zinc sulfate (ZnSO 4 ). Toxicity tests were determined with probit analysis in SPSS software. The acute toxicity of mercury (HgCl 2 ), plumb (lead chloride (PbCl 2 )) and zinc (ZnSO 4 ) was evaluated by static bioassays and calculation of the lethal concentration (LC) for 50% (LC 50 ). As can be found, LC 50 of zinc was higher than other metals; however, mercury had the lowest LC 50 . The 96 h LC 50 were 0.35 + 0.16, 39.9 + 0.76 and 48.3 + 0.48 ppm for Hg, Pb and Zn, respectively. LC 50 values indicated that Hg was more toxic than Pb and Zn. Zn was the least toxic of the metals tested.
Introduction
The fact that heavy metals cannot be destroyed through biological degradation and have the ability to accumulate in the ecosystem make these harmful chemicals to the aquatic ecosystem and consequently to humans who depend on aquatic products as sources of food. Heavy metals can accumulate in the tissues of aquatic organisms, and these tissue concentrations of heavy metals can be of public health concern to both organisms and humans (Di Giulio and Hinton, 2008; Lawrence and Hemingway, 2003) .
The concentration of heavy metals in aquatic animals is related to several parameters, such as the food habits and foraging behavior of fish (Chen and Folt, 2000) , trophic status, source of a particular metal, distance of the animal from the pollutant source and the presence of other ions in the ecosystem (Giesy and Wiener, 1977) , temperature, transport of metal across the membrane and the metabolic rate of the animal (MacLeod and Pessah, 1973) and the seasonal variation in the taxonomic composition of different trophic levels affecting the level and accumulation of heavy metal in the fish tissue (Chen and Folt, 2000) .
Chemical extracts, such as heavy metals, from agricultural procedure and industrial effluents, finally current into a variety of different water environments, and as these metals are not degradable, the best way for reducing their toxicity is low absorption or binding to endogenous compounds after they enter the body (Amdur et al., 1991) ; they can produce a range of hazard effects in aquatic organisms, ranging from alterations to a single cell to changes in whole populations (Bernet et al., 1999) .
The lethal concentration (LC) for 50% (LC 50 ) tests are conducted to measure the susceptibility and survival potential of animals to particular toxic substances such as heavy metals. Higher LC 50 values are less toxic because greater concentrations are required to produce 50% mortality in animals (Hedayati et al., 2010a) . The heavy metals which are toxic to aquatic animals at very low concentrations and are never beneficial to living beings are mercury, cadmium and lead (Johnston et al., 2002) ; so, the aims of the present study were to investigate acute effects of some heavy metals as potentially dangerous additives to assess mortality effects of these pollutants on valuable freshwater fish, Roach (Rutilus rutilus).
Material and methods
Water-only toxicity tests were carried out on cultured Roach (*3.5 g and 7 cm) using 3 metal salts (mercuric chloride (HgCl 2 ), lead chloride (PbCl 2 ) and zinc sulfate (ZnSO 4 )). Only healthy fish, as indicated by their activity and external appearance, were maintained alive on board in a fiberglass tank. Samples are transferred to a 400-L aerated tank equipped with aeration and with 200 L of test medium.
All samples were acclimated for 1 week in 15 aerated fiberglass tanks at 25 C under a constant 12:12 h light:dark photoperiod. Acclimatized fish were fed daily with a formulated feed. Dead fish were immediately removed with special plastic forceps to avoid possible deterioration of the water quality (Gooley et al., 2000) .
Mercury tested concentrations were 0, 0.05, 0.2, 0.5 and 1 ppm of HgCl 2 , plumb tested concentrations were 0, 3, 15, 60 and 1 ppm of PbCl 2 and zinc tested concentrations were 0, 5, 10, 20, 40 and 60 ppm of ZnSO 4 . Groups of 21 fish were exposed for 96 h in fiberglass tank. Test medium was not renewed during the assay and no food was provided to the animals. Values of mortalities were measured at time 0, 24, 48, 72 and 96 h (Hedayati et al., 2010a) .
Acute toxicity tests were carried out in order to calculate the 96-h LC 50 for metals, based on the study conducted by Hotos and Vlahos (1998) . Mortality was recorded after 24, 48, 72 and 96 h and LC 50 values and its confidence limits (95% CLs) were calculated. Percentages of fish mortality were calculated for each metal concentration at 24, 48, 72 and 96 h of exposure.
Also, LC 50 values were calculated from the data obtained in acute toxicity bioassays, using Finney's (1971) method of 'probit analysis' and with SPSS computer statistical software. In Finney's method, the LC 50 value is derived by fitting a regression equation arithmetically and also by graphical interpolation by taking logarithms of the test chemical concentration on the x-axis and the probit value of percentage mortality on the y-axis (Finney, 1971) .
The 95% CLs of the LC 50 values obtained by Finney's method were calculated with the formula of Mohapatra and Rengarajan (1995) . Probit transformation adjusts mortality data to an assumed normal population distribution that results in a straight line. Probit transformation is derived from the normal equivalent deviate approach developed by Tort who proposed measuring the probability of responses (i.e. proportion dying) on a transformed scale based in terms of percentage of population or the SDs from the mean of the normal curve (Di Giulio and Hinton, 2008) .
The LC 1,10,30,50,70,90,99 values were derived using simple substitution probit of 1, 10, 30, 50, 70, 90 and 99, respectively, for probit of mortality in the regression equations of probit of mortality versus metals. The 95% CLs for LC 50 were estimated using the formula LC 50 (95% CL) ¼ LC 50 + 1.96 (SE (LC 50 )). The SE of LC 50 is calculated from the formula SE LC 50 ð Þ¼1=b ffiffiffiffiffiffiffiffi ffi pnw p where b ¼ the slope of metals/probit response (regression) line; p ¼ the number of metals used, n ¼ the number of animals in each group, w ¼ the average weight of the observations (Hotos and Vlahos, 1998) . At the end of acute test, the lowest observed effect concentration (LOEC) and no observed effect concentration (NOEC) were determined for each endpoint measured. In addition, the 
Results
All controls resulted in low mortalities, fewer than 5%, which indicated the acceptability of the experiments. The mortality of Roach for mercury, plumb and zinc was examined during the exposure times at 24, 48, 72 and 96 h in Tables 1 to 3, respectively. With increasing concentration, fish exposed during the period of 24-96 h had significantly increased number of dead individual. There were significant differences in number of dead fish between the duration of 24 and 96 h in each exposure.
Considering the mercury bioassay, the lowest concentration causing 100% of fish mortality was 1 mg/l at 96 h, while the highest concentration causing no fish mortality was 0.05 mg/l at 96 h. There was 100% mortality at concentrations of 60 ppm for plumb and higher than 60 ppm for zinc within the 96 h after dosing, and no mortality at 15 and 5 ppm within the exposure times for the plumb and zinc, respectively.
Median LCs of 1, 10, 30, 50, 70, 90 and 99% test were in Tables 4 to 6. For the 96-h experiment, Hg was particularly sensitive species with LC 50 values of 0.35 mg/l. Because mortality (or survival) data were collected for each exposure concentration in a toxicity test at various exposure durations (24, 48, 72 or 96 h), data can be plotted in other ways; the straight line of best fit is then drawn through the points. These were time-mortality lines. As can be found, LC 50 of zinc was higher than other metals; however, mercury had the lowest LC 50 .
Toxicity testing statistical end points are shown in Figure 1 . LOEC and NOEC were same for all studied metals; however, LC 50 (the median LC) had significant different between metals. The MATC for mercury, plumb and zinc were 0.03, 3.9 and 4.8 ppm, respectively.
Discussion
Variability in acute toxicity even in a single species and single toxicant depending on the size, age and condition of the test species along with experimental factors. The differences in acute toxicity may be due to changes in water quality and test species (Hedayati et al., 2011) . It is evident from the results that the heavy metal concentration has a direct effect on the LC 50 values of the respective fish. LC 50 values indicated that mercury is more toxic than others. LC 50 s obtained in the present study were compared with corresponding values that have been published in the literature for other species of fish.
The degree of studied fish to lower concentrations of plumb and zinc may be attributed to the altered physiological response of every species to the specific metal and the level of solubility of metals. The fish exposed to plumb and zinc can compensate for the pollutant. If it cannot successfully compensate for contaminant effects, an altered physiological stage may be reached in which the fish species continues to function and, in extreme cases, the acclimation response may be exhausted with a subsequent effect on fitness (Hedayati et al., 2011) .
The susceptibility of fish species to a particular heavy metal is a very important factor for LC 50 levels. The fish that is highly susceptible to the toxicity of one metal may be less or even nonsusceptible to the toxicity of another metal at the same level of that metal in the ecosystem. Also, the metal which is highly toxic to a fish species at low concentration may be less or even nontoxic to other species at the same or even higher concentration (Hedayati et al., 2010b) . Because of the lack of available data on the effects of plumb and zinc on the respective LC 50 values of all studied species, the results of the present study have not been compared with those of other studies and discussed accordingly. However, some justifications have been provided following various studies.
Many aquatic species show vast range of LC 50 for HgCl 2 , which for saltwater fish were 36 mg/l (juvenile spot) to 1678 mg/l (flounder) and that was higher than saltwater invertebrates by 3.5 mg/l (mysid shrimp) to 400 mg/l (soft clam) (Gorski, 2007; Vieira et al., 2009 ). The 96-h LC 50 value for catfish exposed to Hg 2þ under static test was determined to be 570 mg/l (Elia et al., 2003) .
The 96-h LC 50 value of HgCl 2 for chub was found as 205 mg/l and 96-h LC 50 for trout was 814 mg/l (Verep et al., 2007) . On the estuarine fish Pomatoschistus microps, LC 50 of copper and mercury at 96 h were 568 and 62 mg/l, respectively (Vieira et al., 2009) . Other studies show different results, for example, FAO/UNEP (1991) found that the 96-h LC 50 value of HgCl 2 for catfish is 350 mg/l, for rainbow trout is 220 mg/l, for striped bass is 90 mg/l and for brook trout is 75 mg/l. The 96-h LC 50 value of HgCl 2 for fathead minnow is 37 mg/l, for bluegill sunfish is 160 mg/l, for rainbow trout is 903 mg/l and for rainbow trout is 200 mg/l (Eisler and Gardener, 1993) .
For mercury, 96-h LC 50 value of 75 mg/l for the catfish (Sarothrodon mossambicus), 33 mg/l for the rainbow trout (Salmo gairdneri), 110 mg/l for the banded killifish (Fundulus diaphanous) and 90 mg/l for the striped bass (Roccus saxatilis) were found (Agarwal, 1991; Rathore and Khangarot, 2002) . Thus, it can be concluded from the present study that Roach are not highly sensitive to HgCl 2 , and it can be considered as a suitable toxicological model. The LC 50 values reported in the present study for HgCl 2 were lower than the values reported by Agarwal (1991) for the Channa punctatus (Bloch) at 48, 72 and 96 h. He reported LC 50 values of 2.512, 2.291 and 2.113 mg/l, respectively, at 48, 72 and 96 h. However, the present values were higher than those of 0.432 and 0.314 mg/l, respectively, at 72 and 96 h in Channa marulius (Rathore and Khangarot, 2002) .
Chronic toxicity values are much lower than acute values and highlight the adverse effects of relatively 
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In aquatic toxicology, if LC 50 concentration is less than 1000 mg/l, then the chemical is highly toxic, and if between 1000 and 10,000 mg/l, then it is considered to be moderately toxic (Louis et al., 1996) ; therefore, we report HgCl 2 to be highly toxic to Roach; however, zinc and plumb are not toxic metals. Safe level of mercury in aquaculture is only 1 mg/l with a range of 10-40 mg/l of LC 50 , whereas LC 50 value for other heavy metals is higher than mercury (cadmium 80-420 mg/l, copper 20-100 mg/l, zinc 1000-10,000 mg/l and lead 1000-40,000 mg/l) (Gooley et al., 2000) ; so in the present study, LC 50 values indicated that mercury is more toxic to R. rutilus and may cause damage to the fish. However, in the current study, the LC 50 values vary from each species and the accumulation of heavy metals in the body of fish depends upon several factors, it is evident from the present study that concentrations of plumb and zinc and physiological response affect the LC 50 values of fish. It may be due to the increased resistance of carp to the plumb and zinc through acclimatization. During acclimatization, some proteins are released in the body of fish and detoxify the metal ions. This may cause higher levels of heavy metals being required to cause effects, resulting in higher LC 50 amounts (Deb and Fukushima, 1999) . The selection of heavy metals may be an important tool for the assessment of the effects of pollutants in aquatic ecosystems; three metals used in our experiment demonstrated their potential for use in bioassays.
In conclusion, comparing the sensitivity of these metals to common reference toxicants, we suggest using Roach for toxicity determinations as a suitable model of ecotoxicological studies. Clearly, there is a need to conduct further studies with specific contaminants on this species to assess its suitability for detecting toxicity, as well as experiments involving a complex mixture of pollutants, in order to determine aquatic ecosystems monitoring program.
